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FIONEER 11
15 MIN. AVERAGED SATURN ENCOUNTER

73-019A-12B

THIS DATA SET MAS BEEN RESTORED. THERE WAS ORIGINALLY ONE
BINARY 9-TRACK, 1600 BPI TAPE, THERE IS ONE RESTORED TAFE. THE
IR TAPE IS A 34BC CARTRILDGE AND THE DS TAFE IS 9-TRACK, &2%0 BPI.
THE TAPE WAS CREATED ON AN IBM 3081 COMPUTER. THE DR AND 05
NUMBERS ALONG WITH THE CORRESPONDING D NUMEER AND THE TIME SFAN IS
AS FOLLOWS:

OiR# JSE D4 FILES TIME SPAN

BRO3178 0S03178 043504 4 08/31/79 - 09/04/79
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REQ. AGENT RAND NO. ACQ. AGENT

DEW WSC

PIONEER 10
PIONEER 11
73-019A~12A,12B

72-0124-12A1
15 MIN. AVG. JUPITER AND SATURN ENCOUNTER

Each data set consists of one tape. The tapes are 1600 BPI, 9 track,

and are multifiled. The tapes were created on an IBM-360 computer.

72-012A-12A

D# C# Files Time Span
D-45492 c-21801 5 11/26/73-12/15/73
73-019A-12A
D-45503 - C-21799 5 | 11/26/74-12/09/74
73-019A-12B
D-45504 C-21800 4 08/31/79-09/04/79




Pioneer 10 and 11
Goddard/U. New Hampshire Cosmic Ray Experiment
Jupiter and Saturn Encounter Data

Instrumentation

This experiment consists of a set of three solid-state telescopes, each

designed to complement the others and to cover a broad range in energy,

intensity and charge spectra. The three telescopes are shown schematically in

the attached figure; they are the high-energy telescope (HET) and two low-
energy telescopes (LET-I and LET-II). The HET and LET-I are designed
primarily for measuring the relatively low fluxes of cosmic rays in
interplanetary space. As such, their geometry factors are relatively large,
and they cannot tolerate fluxes » 2 x 104/cm? 8 sr. Their usefulness is,
therefore, limited to the outer regions of the Jovian magnetosphere (2_20
Ry). They are, however, high-resolution double dE/dX vs. E instruments that
provide unambiguous particle identification and precise energy spectra, so
that their contribution to the overall body of data is quite significant,

The LET-II telescope was designed to measure low-energy solar flare
particles in interplanetary space and trapped particles in the Jovian
magnetosphere. It has a relatively small geometry factor (1.5 x 102 em? sr)
and can readily measure fluxes up to ~ 5 x 105/cm2 8 sr. It is surrounded by
a colimator and shield which will stop electrons up to ~ 4.5 MeV and protons
up to ~ 40 MeV. The telescope employs a two-parameter analysis technique to
separate electrons and protons. The front element SI has an electronic
threshold that is set so that any electron penetrating to SII is below
threshold and any proton penetrating to SII is above threshold. Selected
counting rates in all three telescopes are divided into eight angular sectors

to measure particle anisotropies.
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A major effort has been devoted to understanding the response of all
detector systems In the presence of intense particle fluxes. The onset of
gaturation in the LET and HET systems is abrupt and well defined. WNegligible
corrections are necessary prior to this saturation point.

There is significant overlap in the response functions of the three
telecopes, and it was of great value to observe the consistency between flux
measurements made with completely different detector systems. For example,
the LET-I and LET-II proton data in the 0.5= to 2-MeV reglon are in excellent
agreement. This finding is especially helpful in the outer Jovian
magnetosphere where the nuclear component 1s small (1-10%) in comparison with
electrons of the same energy. A complete description of this instrument has

been published in the IEEE Transactions on Nuclear Science (Stilwell et al.,

1975). The energy and charge ranges of each telescope are summarized in Table
1.

Since the Goddard/University of New Hampshire experiment was primarily
designed as an interplanetary experiment, its telemetry assignment was minimal
during the Jupiter and Saturn encounters. Consequently, individual pulse
heights were sampled infrequently, and most of the results have to be based on
rate data, This leaves some ambiguity about the type of particles responsible
for the counts. This problem arises primarily in identifying protons vs.
alpha particles and heavier fons. LET-I and LET-II respond differently
because of the aluminized mylar foil in front of the LET-I detector. On this
basis, it has been concluded (McDonald et al., 1979) that the nominal "proton
channels" respond primarily to protons at Jupiter; however, some admixture of
heavier ions 1is clearly present and the amount is time dependent, Tt 1is hoped

that further analysis can narrow down the uncertainty,




Data have been included only for periods when the detectors operated in
this design range. This excludes the inner magnetosphere. At Jupiter, the
detectors were heavily saturated in this region, while at Saturn a very
penetrating radiation prevented a clear identification of the type and energy
of the particles responsible for our counts. Some of the published results
from this experiment required extensive corrections for deadtime, accidental
coincidences and anticolncidences (Trainor et al., 1974; McDonald and Trainor,
1976; McDonald et al., 1980). These corrections can be applied only on a
cage~by-case basis after careful study of the environment and many self-
consistency checks. They cannot be applied on a systematic basis and we have
no computer programs to do so. A special problem arose during the Pioneer 10
out pass from Jupiter. Radiation damage to the digital logics decreased the
margins in these circuits. Although most of the data is good, certain bits
failed to reset every now and then. For 15-minute averages, this effect can
generally be ignored; but the user should be aware that a few points are off
due to this problem. If a user 1s interested in data not included in this
submission or has speclal questions, the experimenters will be glad to

consider requests if the desired information can be extracted from the data.

Degcription of the Data

In the following rate definitions, individual detectors are identified by
the same symbols as in the attched figure. Any subscripts refer to different
trigger thresholds on that deector (SIIA is an annular guard detector in IET-
IT which 1s not labeled in the figure). Several detectors defining a rate are

in coincidence unless a bar over the symbol indicates that the detector is in

anticoincidence.




(1)

(2)

(3)

(4)

(5)

2
detector with an area of 3.0 emZ, Since the threshold is set at 2.0l

A, Rate (Saturn only) gives the counting rate in a 2,5-mm thick Si

MeV, it responds primarily to energetic electrons; however, the
effective solid angle and detection efficiency are not well known. This
rate is given for Saturn because the more desirable colncidence rates
suffered from excessive accidentals (note Ay 15 identified as A2 on

tape).

Al A2_B CI Rate (Jupiter only) gives the flux of electrons with a range

between 2,5 and 5.0 mm of Si which deposit less than 2 MeV in the front
detector, The electron energy falls into the range of about 1.8 to 3,2

MeV (on the tape this rate 1s identified as Al.-A2.B.~Cl).

A1 A2 B CI EE; Rate (Jupiter only) gives the electron flux with a range

of 5 to 10 mm Si; the approximate energy range of 3.2 to 5.1 MeV (the

rate ID is

All'lAZOBOCIO"CZ)Q

A1 A2 B CI CIT CIII Rate (Jupiter only) gives the electron flux with a

range of 10 to 15 mm Si; the approximate electron energles are 5.1 to 8

MeV (the rate ID is Al.-A2,B.C1,C2,-C3).

SI SII5 SITA SIII Rate gives the flux of electrons in LET-II which do

not trigger the 0.145 MeV threshold in the 50 y front detector and

trigger the 50 keV threshold in the 2.5-mm thick second detector. The
anticoincidence requirement with the annular guard counter SIIA and rear
detector SIII insures that the electrons stop in SII. Our calibrations
show that the 507 efficiency points occur at 0.16 and 2.0 MeV. If the
electron spectrum.is hard, this rate will also respond to bremsstrahlung

and electrons penetrating the collimator. The latter effect made the

e ——— T



(6)

(7

(8)

(9)

(10)

(11)

(12)

(13)

dominant contribution in the inner Saturnian magnetosphere; otherwise,
i1t is believed to be small but is difficult to evaluate (the rate ID is

~81.82(5).-52(A).~83).

—— i

EE SIIG_SIIA‘SIII_Ra;e is equivalent to rate (5) but with a 0,35-MeV

threshold in SII, corresponding to electron energies from 0.43 to 2.0

MeV (the rate ID is -51.52(6).-S2(A).-83).

SI SII7’SIIA SIIT Rate is equivalent to rate (5) but with a 0.7 MeV

threshold in SII corresponding to electron energies from 0.8 to 2.0 MeV

8T SII_ SIIA SIII Rate 1s equivalent to rate (5) but with a 1.0-MeV

8
threshold in SII corresponding to electron energiles from 1.1 to 2.0 MeV

(the rate ID is -81.52(8).-52(A).-S3).

DIA‘Rate gives the flux of protons and ilons which penetrate a 0.53-
mg/cm? aluminized mylar foll and déposits at least 0.60 (P-10) or 0.63
(P-11) MeV in detector DI of LET-I. (This rate is not given for the
Saturn encounter because of substantial electron contamination.) For

protons, this corresponds to energles from 0.84 to 15.1 MeV,

D15 Rate is eqivalent to rate (9), but with a threshold in DI of 0,95

MeV corresponding to proton energies between 1.11 and 8.1 MeV.

DI ‘Rapg is equivalent to rate (9), but with a threshold in DI of 1.45

6
MeV corresponding to proton energies from 1.6 to 5.1 MeV.

DI7 Rate is equivalent to rate (9), but with a threshold energy‘in DI of
2.20 (P-10) or 2.05 (P-11) MeV corresponding to proton energies from 2.3

to 3.6 MeV and 2.1 to 3.8 MeV, respectively, for P-10 and P-11.

DI DII Ez'F Rate from LET-I gives the proton flux between 10.3 and 21

MeV for P=10 and between 1l and 21 MeV for P-11. A small correction has

i
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(14)

(15)

(16)

(17)

(18)

been made for the contribution from alphas and heavier nuclei in the
same energy/nucleus range (the rate ID

13 DI.DZ.E2.~F - chDZoZ D.EAI"F).

SIl_SII.SIIA~SIII Rate gives the flux of protons and heavier ions which

stop in the 50y~thick Si detector SI and deposits an energy between 0.16
and 2.6 MeV. This corresponds to proton energies between 0.20 and 2.15
MeV (P-10) or 2.17 MeV (P-11). Detector SI is shielded by only 0.12
mg/cm2 of Al and is, therefore, relatively sensitive to low-energy

ions. At Saturn, the ion contribution is negligible; however, it may be
significant at Jupiter (the rate ID is

81(1)4~52.-82)A).~83 = S1(4).~52.-82(A).~53).

SIG SII SIIA SIII Rate is equivalent to rate (14) except that the

threshold in SI is 0.47 (P-10) or 0.5 (P-11) MeV, this corresponds to
proton energies of 0.50 to 2.15 and 0.53-2,17 MeV for P-10 and P-11,
respectively (the rate ID is

51(6).~52.-52(A).~83 = S1(4).=52.-52(A).~53).

SI2 SII SIIA SIII Rate is equivalent to rate (14) except that the

threshold is 0.74 (P-10) an 0.72 (P-11), this corresponds to proton
energies of 0,76-2.15 MeV (P-~10) and 0.74~-2,17 MeV (P-11) (the rate ID

18 51(2)4~52.-52(A).~83 - S1(4).-52.-82(A).-~83),

SI’3 SIT SIIA SIIT Rate is equivalent to rate (14) except that the

threshold is 1.2 MeV, corresponding to proton energies of 1.24 to 2.15
MeV (1.24-2.17, P-11) (the rate ID is

51(3).-52.-82(A).=83 - S1(4).-82.-82(A).-53).

SI SIIl SIIA SIII Rate gives the flux of protons between 3.13 and 14.8

MeV for Piomeer 10 (3.19-14.9 MeV, P~11) (the rate ID

1s S1,52(1).~52(A).~53 ~ S1.582(3).~52(A).~S3).

e n
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 1\“ (19) sI SII, SIIA SIII Rate is equivalent to rate (18) except for a higher

threshold and covers protons from 5.65 to 14.8 MeV for P-10 (5.68 to
14.9 MeV for P-11) (The rate ID is

§1.82(2).-52(A).-83 - 51.82(3).-52(A).-83).

Data Format

Time history of Ploneer Cosmic Ray Telescope data described above is
being submitted on 9-track tapes recorded at 1600 BPI. Tape marked PIOJUF
contains Pioneer-10 data, the one marked PIOJUG contains Pioneer-l11 data for
Jupiter encounter and tape marked PIOSAG contains Pioneer-11 data for the
Saturn encounter. Averaging interval for all data is fifteen minutes.

PIOJUF and PIOJUG each have five files and PIOSAG has four files.
-Contents of PIOJUF, PIOJUG and PIOSAG are described in Tables 2 to 4,
respectively. Each file consists of a number of Flux Time History (FTH)
records. An FTH record contains a count of the number of data items (NBIN)
whose time-history 1s included in the record, a count of the number of
averaging intervals (NINT) included in the record and definitions of data
1tems included and time-history data. Table 5 defines the structure of an FTH
record in detail. These tapes were generated on an IBM System 360 computer;
thus, a word consists of 32 bits, half-word 1 is the high order 16~bit field
of the word and half-word 2 the low order half (bits 16-~31, with the left-most
or MSB numbered 0). Characters are represented in 8-bit EBCDIC bytes, real
numbers are represented in the IBM single precision floating point format.
Length (in words) of an FTH record is given by:

200 + (3 + 2 * NBIN) #* NINT.
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Table 2.

Contents of PIOJUF

FILE RATES TIME PERIOD
1 A. A BCI 11/26/73 00:00:00-12/01/73 18:00:00
172 AND
Ay g B CI CiI 12/04/73 22:00:00-12/16/73 00:00:00
A, A, B CI CII CIII
2 SI SII, SIIA SIIT 11/26/73 00:00:00-12/03/73 08:00:00
AND
ST SIL, SIIA SIII 12/04/73 15:00:00-12/16/73 00:00:00
ST SII, SIIA SIII
ST SIIg SIIA SIII
3 DI, 12/26/73 00:00:00-12/03/73 08:00:00
AND
DI, 12/04/73 22:00:00-12/16/73 00:00:00
DI,
DL,
DI DII E, F
4 SIl SII SITA SIIT 11/26/73 00:00:00~12/03/73 08:00:00
AND
516 SIT SIIA SIII 12/04/73 15:00:00-12/16/73 00:00:00
SI, SII SIIA SIII
5 SI, SIT SIIA SIII 11/26/73 00:00:00-12/03/73 08:00:00
AND
ST SII, SIIA SIII 12/04/73 15:00:00-12/16/73 00:00:00

SI SII, SIIA STII




Table 3,

RATES

B CI

Ny

1

ICI1

"

B

(@]

172

—

A
A
A

172

SI SII_ SIIA SIII

5

SI SII, SIIA SIII

6

ST SII. SIIA SIII

7

ST SII. SIIA SIIT

8
DI4

DI5

DI6

DI7

DI DII E, F

A, B CI CII CIII

SI, SII SIIA SIII

1

SI, SII SIIA SIII

6

.SI, SII SIIA SIII

2

ST, .SII SIIA SIII

3

SI SII, SIIA SIII

1

81 SII, SIIA SIII

2

Contents of PIOJUG

TIME PERIOD

11/26/74 00:00:00-12/02/74 16:00:00

AND

12/04/74 22:00:00-12/10/74 00:00:00

11/26/74

12/03/74

11/26/74

12/03/74

11/26/74

12/03/74

11/26/74

12/03/74

00

08:

00:

08:

00:

08

:00:00-12/02/74

AND

:00:00-12/10/74

:00:00-12/02/74

AND
00:00-12/10/74

00:00-12/02/74
AND
00:00-12/10/74

00:00-12/02/74
AND

:00:00-12/10/74

18:

00:

00:

18:

00:

18:

00:

00:00

00:00

:00:00

00:00

00:00

00:00

00:00

00:00




FILE

Table 4.

RATES

4,

SI SII. SIIA SIII

5

ST SII, SIIA SIII

6

SI SII_ SIIA SIII

7

SI SII, SIIA SIII

8
D15

D16

DI7

DI DII EZ'F

81, SIT SIIA SIIX

1

SI, SIT SIIA SIII

6

SI, SII SIIA SIII

2

S8I, SII SIIA SIII

3

8T SII. SIIA SIII

1

5I 5112 SITA SIII

Contents of PIOSAG

8/31/79

9/01/70

8/31/79

9/01/70

8/31/79

9/01/79

8/31/79

9/01/79

00:

19:

00

19:

00:

19:

00:

19:

TIME PERIOD

00:00~9/01/79
AND
00:00-9/04/79

:00:00-9/01/79

AND
00:00-9/04/79

00:00-9/01/79
AND
00:00-9/04/79

00:00-9/01/79
AND
00:00-9/04/79

13:30:00

12:00:00

13:30:00

12:00:00

13:30:00

12:00:00

13:30:00

12:00:00

[T



7 Table 5.

WORD HALFWORD

3-35 2

3-35
36-68

69-101

i 102-134
135-167

168-200

201~

201-233

234~

TYPE

Integer

Integer

character

character

character

character

character

character

NBIN <

NBIN =

character

STRUCTURE OF FLUX TIME-HISTORY RECORD

DESCRIPTION

Number of data items contained in
the record (NBIN).

Number of averaging intervals (NINT)
contained in the record.

132~character
satellite and

title identifies
gives the start time

of first averaging interval and last
averaging inteerl in the record.

132-character
data item.

132~character
data item, 1f
not used.

132=character
data item, if
not used.

132~character
data item, if
not used.

132=character
data item, if
not used.

5

description of first

description of second
NBIN » 2. Otherwise,

description of third
NBIN » 3. Otherwise,

description of fourth
NBIN > 4. Otherwise,

description of fifth
NBIN > 5. Otherwise,

NINT Averaging Interval Entries

(AIE).

The structure of an AIE is

shown in Table 5.

6

132-character description of sixth

data item.

NINT Averaging Interval Entries.

Il




Table 6. STRUCTURE OF AVERAGING INTERVAL ENTRY

WORD HALFWORD TYPE DESCRIPTION
1 1 Integer 2-digit year
2 Integer month of year
2 1 Integer day of month Start time
2 Integer hour of day of averaging
interval
3 1 Integer minute of hour
2 Integer gsecond of minute
4= Real NBIN FLUX entries. Each FLUX entry
(3+2%NBIN) is two words long. If the second

word of the entry is =-1.0, data for
this item is not avallable;
otherwise the first word is the
value of flux and the second word

, contains the associated statistical
tT error.
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